can be measured with infectivity neutralizing test in the tissue culture. The neutralizing antibodies plays an important role in preventing the disease. 6 The cellular immune response also responds to H proteins. 7 The variability of nucleotide sequence of H gene results in the various clades and genotypes of measles virus. 8 This variability leads to several structures of H protein from each clade or genotype which has different epitopes and will affect the specific immune response of the infected host cell. 9 Currently in Indonesia, there are three known wild-type measles virus genotypes, i.e., G2, G3 and D9. The types of vaccine virus mostly being used are CAM-70 and Schwarz ( Table 1 ). The source of original CAM-70 vaccine virus was Tanabe strain from Japan, while the source of Schwarz vaccine was Edmonston strain isolated in 1954. It has been shown that nucleotide sequences of both vaccine virus are different. 10 The current wild-type measles virus has undergone significant genetic drift compared to the vaccine virus and isolates from 1950 and 1960. 11, 12 We aimed to explore the differences of nucleotide and amino acid sequence of H protein between wild-type measles virus and vaccine virus in Indonesia.
Methods
To analyze gene and protein of wild-type measles virus and measles vaccine virus, we used biology molecular and bioinformatics technology. Wild-type measles virus isolates were provided by Litbangkes RI. The genotypes of each isolates, which are G2, G3 and D9, have been determined by ICDC (Atlanta-USA). The genotypes of each isolates are also reexamined in Indonesia with same results. 13 The sequences of N gene for Schwarz and Edmonston-wt vaccine virus were downloaded from Genbank. Viral RNA extraction was performed using QIAmp Viral RNA Mini Kit from QIAGEN (cat. no. 5204) according to the instruction from the manufacturer. The specimens used were culture products. Cells infected by the virus were taken from the bottle and were centrifuged by 1500X G at 4 degree C for 15 minutes. The supernatant was discarded, while the pellet was taken for further RNA extraction. RNA was extracted by means of pipetting 560 uL AVL buffer containing RNA Carrier into 1.5 ml Eppendorf tube. About 140 μL virus sample was added and was vortexed for 10-15 seconds, incubated for minimum of 10 minutes, and then centrifuged at 6000X g for 30 seconds. Five hundred and sixty μl absolute alcohol was added followed by further vortex and centrifugation. As much as 630 μL of the solution was transferred to the second spin column. Centrifugation was performed at 6000X for 1 minute. The collection tube containing the filtrate was disposed away and replaced by the new one. Five hundreds UI AW1 wash buffer was added, followed by centrifugation at the same speed for one minute. Collecting tube was then replaced with the new one with additional 500 Ul AW2 wash buffer added to the tube, and then another centrifugation at 20,000Xg was performed for 3 minutes. Collecting tube was replaced with the clean one, and then further centrifugation was performed at 20,000X g for one minute (to clean up the spin column for the buffer and alcohol). Collecting tube was replaced by 1.5 mL Eppendorf tube. AVE buffer was added as much as 60 μL (right in the middle of the filter). Incubation was performed at room temperature for one minute. Centrifugation was then performed at 6000X g for one minute. The RNA from elution was kept at temperature -20 o C or -70 o C. RNA was amplified by PCR machine using primers designed from the analysis of reference sequence from Edmonston-wt substrain AIK-C with accession number AB046218. 14 The program used to design the primer is Primer-3 ( Table 2 and Figure 1 ).
Reverse transcription reaction was performed by SuperScript III Reverse Transcriptase (Invitrogen) used the protocol supplied by the manufacturer. The mixture of reverse transcription reaction was made by adding 1.5 μL random hexamer, 10 mM 1 μL dNTPs, 0.5 μL dH 2 0 and 10 μL RNA. It was heated at 65 o C for five minutes, and then incubated in ice for one minute. Mixture was centrifuged for a moment, and then was mixed with 4 μL 5X first-Strand buffer, 1 uL 0.1 M DTT, 1 uL RNAsin, 1 uL Superscript III RT. The mixture was stirred carefully with a pipette, and then was incubated at 25 o C for 5 minutes, at 50 o C for 30-60 minutes, and the reaction was stopped by heating at 70 o C for 15 minutes. The obtained cDNA was ready for used as template for PCR amplification.
The cDNA from reverse transcription reaction was amplified with PCR method using Platinum Taq DNA Polymerase (Invitrogen). The primers used are showed in Table 2 and Figure 1 . The reaction mixture was made by adding 10 uL cDNA, 1 uL 20 uM primer1, 1 uL 20 uM primer2, 1.5 uL MgCl2, 5 uL 10 mM dNTPs, 5 uL 10X PCR buffer and water/aquadest was added to fill up to 50 uL, 1 uL Platinum Tag, and was stirred carefully and was added with 1 drop of mineral oil. The reaction mixture was heated at 94 o C for 2 minutes for denaturation process. The PCR reaction was performed for 40 cycles, consisted of denaturation for 30 second at 94 o C, annealing for 60 seconds at 56 o C, and extension for 120 seconds at 72 o C, and ended with incubation at 72 o C for 7 minute.
PCR product was analyzed using gel electrophoresis which detection was based on molecular weight or length of nucleotide chain. The H gene has DNA nucleotide with length of 1853 bp. To detect the PCR product, the conditions were 2% agarose gel mixed with 10 uL (1ug/mL) ethidium bromide, with 100 Volt voltages for 40 minutes (Coligan et al 15 ).
DNA product was purified using QIAquick Gel Extraction Purification (QIAGEN catalog no. 28704), where the PCR product was run in the low melting agarose first before purification. The protocol used in the experiment was based on the instruction from the manufacturer.
The purified PCR product was cloned using TOPO TA Cloning kit from Invitrogen (catalog no. KA4500-01) according to the protocol supplied by the manufacturer. Plasmid extraction was performed using QIAprep Spin Miniprep (QIAGEN catalog no. 27104) according to the protocol from the manufac-turer.
The PCR product was sequenced by direct sequencing using Perkin Elmer ABI 337 Automatic DNA Sequencer according to Sanger method (dideoxy termination method). The primers used for sequencing were similar with those for PCR amplification with ABI PRISM Big Dye Terminator Cycle Ready Reaction Kit for the PCR sequencing reaction.
The raw data generated by the computer reading were reanalyzed manually by examining the electrophoresis trace and comparing with the available The completed gene sequences were compared with one another and with the sequence data obtained from NCBI Genbank. All comparison was performed using Genetyx, ClustalW and Bioedit, which can be downloaded from http://www.mbio.nesu.edu/Bioedit/ bioedit.html.
The overall mean distance was performed with Mega 2.1 using Tamura-Nei method, while the amino acid overall distance was calculated using Poisson correction method.
Results

Nucleotide differences in H gene
Alignments of nucleotide sequences of H gene between G2, G3 and D9 against Edmonston-wt showed that G2 genotype and Edmonston-wt had 60 nucleotide differences (3.2%) leaded to 12 residues of amino acid substitutions. Alignment between G3 genotype and Edmonston-wt showed 62 nucleotide differences (3.3%) leaded to 15 residues of amino acid substitutions. Alignment between D9 genotype and Edmonston-wt showed 63 nucleotide differences (3.4%) leaded to 19 residues of amino acid substitutions (Table 3) . Alignments of nucleotide sequences of H gene between G2, G3 and D9 against Schwarz showed that G2 genotype and Schwarz had 61nucleotide differences (3.3%) leaded to 13 residues of amino acid substitutions. Alignment between G3 genotype and Schwarz showed 63 nucleotide differences (3.4%) leaded to 16 residues of amino acid substitutions. Alignment between D9 genotype and Schwarz showed 64 nucleotide differences (3.5%) leaded to 20 residues of amino acid substitutions (Table 3) .
Alignments of nucleotide sequences of H gene between G2, G3 and D9 against CAM-70 showed that G2 genotype and CAM-70 had 77 nucleotide differences (4.2%)leaded to 24 residues of amino acid substitutions. Alignment between G3 genotype and CAM-70 showed 76 nucleotide differences (4.1%) leaded to 27 residues of amino acid substitutions. Alignment between D9 genotype and Schwarz showed 77 nucleotide differences (4.2%)leaded to 29 residues of amino acid substitutions. All three wild-type measles virus (G2, G3, and D9) had relatively same difference sequences with H-gene sequence of CAM-70 vaccine (Table 3) .
Those data showed that the greatest nucleotide differences was between G2, G3 and D9 genotypes and CAM-70 vaccine virus, followed by Schwarz and Edmonston-wt vaccine virus (Table 3 ).
Amino acid differences in H protein
Differences in the amino acid sequences affect strongly the secondary structure of proteins because of the different nature of the amino acids. Generally, amino acids can be grouped into 2 categories, the hydrophobic and hydrophilic amino acids. The hydrophilic amino acids can be grouped further into non-charged and charged amino acids and the charged group can be categorized further into positively and negatively charged. If the differ amino acids belong to the same group, the effect may be minimal. However, if the differ amino acids belong to different groups, the secondary structure may be different. From 46 differ amino acid position of H protein, 29 belong to different groups (63%). These could lead to changes in the structure of H protein between wild-type and CAM-70 vaccine virus (Table 4) . 21 amino acids belong to different group (60%). These could lead to changes in the structure of H protein between wild-type and Schwarz vaccine virus. This analysis showed that Indonesian wild-type measles virus was closely related to Schwarz vaccine virus compared to CAM-70 vaccine virus (Table 5) .
Differences of amino acid of H protein of wildtype and Schwarz virus occurred in 35 positions, with
Discussion
There were nucleotide sequence differences of the H gene between the wild-type measles virus and the vaccine virus examined in this experiment. The differences were about 60-77 nucleotides which accounted for amino acid 
Note: (+) → Amino acid difference outside the group (-) → Amino acid difference inside the group 
Note: (+) → Amino acid difference outside the group (-) → Amino acid difference inside the group differences of 12-29 residues. The greatest differences were found between wild-type and CAM-70 vaccine virus (76-77 nucleotides which accounted for 24-29 residues). Around 63% of the amino acid differences had different properties, which led to the differences to the biological properties of the H protein.
The greater differences between the wild-type and CAM-70 compared to Schwarz indicated that the Indonesian wild-type virus were genetically closer to Schwarz compared to CAM-70 vaccine virus.
The measles infection can induce both hummoral and cellular immune responses. Although both glycoproteins of measles virus can induce neutralizing antibodies that prevent the disease in vivo, in order to recover, the T-cell response is needed. This can be seen as children suffering from a gamaglobulinemia could recover from measles, while children with T-cell abnormality would have complication when infected by measles virus. Therefore, T-cell has important roles in the recovery and prevention process against complication. 16 There are two known CTL epitopes of H protein. 17 Hu et al 18 found several B-cell epitopes on H protein. Obeid et al 19 also found the same things. To develop vaccines, both factors had to have special attention to ensure that the immune responses generated by the body are optimum and that the objectives of immunization program are met. Hence, both wild-type and vaccine virus should have the same nucleotide and amino acid sequences in B cell and CTL epitopes.
From the results of analysis of H-gene nucleotide sequences and H-protein amino acid sequences, it could be concluded that differences of the nucleotide sequences of H gene between wild-type and CAM-70 vaccine virus were greater compared to Schwarz and Edmonston-wt. Also the differences of amino acid sequences of H protein between wild-type and CAM-70 vaccine virus were greater compared to Schwarz and Edmonston-wt 60% of those differ amino acids had different properties; leading to changes in the conformation and antigenicity of the protein.
Hence, based on the nucleotide and amino acid sequences, wild-type measles virus (G2, G3 and D9) were genetically closer to Schwarz vaccine virus compared to CAM-70 vaccine virus.
Based on the results, we suggest to conduct a study on the configuration of H protein to observe the relationship between the variability of nucleotide and amino acid sequence with the protein structures. Both serologic and genetic analysis of vaccine virus should be done before deciding a vaccine that would be used nationally, in order to have vaccine that suitable with measles virus currently circulating in Indonesia.
